Approximately 5 m of aphyric to sparsely phyric basalt was recovered from Hole 581, the only hole on Leg 86 where basement was cored. The occurrence of samples with altered glassy rinds indicates that at least three cooling units (pillows or thin flows) were sampled. The samples were moderately to intensely altered; groundmass crystals are generally fresh, but all glass is altered. Alteration is greatest in vesicular samples, but most of the samples have fractures filled with iron oxyhydroxide, clay, and/or calcite.
INTRODUCTION
Igneous basement was cored in only one hole on Deep Sea Drilling Project (DSDP) Leg 86, at Site 581 (Fig. 1) . On the basis of magnetic lineations at this site, the basement age has been estimated to be 116 m.y. (see Site 581 chapter, this volume). Southwest of Site 581, slightly older basalts were recovered at Sites 303, 304, and 307 during Leg 32 (Marshall, 1975) . The crust at both Site 581 and the Leg 32 sites was generated by the Japanese spreading center, which has since been subducted (Larson and Chase, 1972) . The three Leg 32 sites provide the only published data on the composition of ridge-generated basaltic ocean crust in the Northwest Pacific.
Site 581 was drilled again on Leg 88 (Holes 581 A, 58IB, and 581C) and more basalt was recovered. This chapter includes data only for the Leg 86 samples (Hole 581).
Cores recovered from Site 581 include about 5 m of aphyric to sparsely phyric basalt in Core 19, from a subbottom depth of about 343 m. Several vesicular samples with altered glassy rinds and fine-grained interiors were recovered from the central portion of this core; elsewhere the samples were generally fine grained. The presence of samples with chilled rinds suggests that at least three cooling units were sampled; J. Natland, from examination of other samples of this core, has identified at least eight cooling units (J. Natland, written communication, 1984) . Representative samples, spanning the entire igneous portion of the core, were examined in thin section
RESULTS
The samples from Hole 581 are aphyric to sparsely phyric tholeiitic basalts. Plagioclase (65) (66) (67) (68) (69) (70) is the most common microphenocryst (Table 1) . Augite microphenocrysts are present in a few samples, while olivine microphenocrysts are rare. Minor amounts of iddingsite, presumably a product of the alteration of olivine, were found in most samples, but there is no evidence that olivine was a major phenocryst phase in any sample.
Groundmass crystals are generally fresh; however, the high water contents and high ferric iron to ferrous iron ratios indicate that all samples have been significantly altered. Alteration is greatest in vesicular samples, but most of the samples have fractures filled with iron oxyhydroxide, clay, and/or calcite. These veins are extensive in several samples, contributing several percent to their bulk composition.
Chemical analyses were performed on the least-altered portions of each sample; generally only the interior por-130°140°150°160°170°F igure 1. Chart of the northwestern Pacific showing the location of Leg 86 Site 581 and Leg 32 Sites 303, 304, 305, 306 , and 307, magnetic lineations and major physiographic features. From Moberly and Larson (1975) .
tions of the samples were analyzed since the glassy margins were significantly altered. The major-element compositions of the samples are typical for slightly fractionated mid-ocean ridge basalts (MORBs), with slightly higher than average A1 2 O 3 contents (Table 2 ). The samples can be divided into two distinct groups based on composition. Group I consists of Samples A and B (the uppermost samples in the core); Group II includes the other 11 samples. The Group II samples are very similar in composition, considering the extent of alteration of the samples. Group I samples have lower levels of TiO 2 , FeO*, and P2O5, and hence are more primitive than Group II samples. There are no systematic variations in composition within Group II. Elements with similar geochemical behavior do not show parallel variations, nor is there any regularity in variation in composition with stratigraphic position within the group. The lack of coherence among elements in Group II samples indicates that any variation in composition due to magmatic differentiation is so small that it either is obscured by alteration or is less than the precision of the analyses.
All samples analyzed show typical N-type MORB lightrare-earth element depletion (Fig. 2) , and all are within the range of N-type MORBs reported by Sun et al. (1979) . The Group I samples have lower rare-earth element abundances and a lower Ce/Yb ratio than the more evolved Group II samples. As with the major elements, all Group II samples have similar rare-earth element abundances.
The distribution of Ni, Cr, Zr, and Rb is also consistent with the previously developed hypothesis that Group I samples are more primitive than Group II samples. The incompatible elements Zr and Rb are higher in Group II samples, while the compatible elements Ni and Cr are higher in the more primitive Group I samples. The average Sr content of Group I is lower than the average of Group II samples; however, the range of the two groups plagioclase microlites and clinopyroxene in a brown-green glass matrix.
Note: The glass in all samples was altered, and most samples contained minor iddingsite. Note that the sample designation used in this study (A-M) is arranged by increasing depth in the core.
overlaps. The considerable range in the Sr and Rb abundances is much greater than that of other trace elements and thus is most likely due to alteration.
DISCUSSION
Comparison of Group I and Group II samples shows exactly the differences expected from low-pressure fractionation (Clague and Bunch, 1976 , and the references therein). Since the stratigraphically highest samples (and hence presumably the youngest) are the least fractionated, it is unlikely that the entire suite of samples were derived by fractionation of a single magma batch. Furthermore, there are no large phenocrysts in the suite.
Calculation of major-element fractional crystallization models (Table 3) indicates that a magma with the composition of an average Group II sample can be derived from a magma of Group I composition by the removal of 18% plagioclase, 10% clinopyroxene, and 3% olivine. Plagioclase and pyroxene are also the most abundant microphenocrysts in the suite. Similar results have been reported for other fractionated MORB suites (Clague and Bunch, 1976; Mattey and Muir, 1980) . The Group I samples clearly have also undergone significant fractionation prior to their eruption. Model results indicate that a magma of the composition of Group I could be derived from the least-evolved basalt associated with the Siqueros Fracture Zone (an area with a well-documented ferrobasalt suite; Batiza et al., 1977) by the removal of 3% olivine, 24% augite, and 18% plagioclase (Table 3) .
In view of the extent of alteration of our samples, the numerical solutions to the fractional crystallization models are not as significant as the general pattern of fractionation. Alteration has clearly affected the major-element compositions, and relatively small changes in the composition of the parent and daughter compositions used in a least-squares fractionation model can produce comparatively large changes in the calculated models.
To investigate the variation in model results caused by the alteration of the samples, models for the derivation of each of the samples in Group II were calculated. Models with acceptable correspondence could not be calculated for all flows. Samples with high CaO generally could not be modeled successfully because of large errors in the calculated Ca content since both plagioclase and clinopyroxene have high Ca contents. The proportion of plagioclase to pyroxene in the calculated models varied from about 1:1 to 2:1 as the olivine component increased. Olivine was never a major fractionating phase because removal of olivine results in rapid MgO depletion. The extent of MgO depletion is reduced if plagioclase (a MgO-free phase) is also removed. However, calculations indicate that no more than 5% olivine removal can be involved in the evolution of any of the Group II samples from a magma of Group I composition.
The extent of crystallization required by the models is dependent on all oxides. However, since TiO 2 shows the largest relative change between the groups and is highly resistant to alteration, the fit of TiO 2 was considered the best indicator of fractionation. Since TiO 2 increased by between 30 and 40% between Groups I and II, a minimum 20 to 30% crystallization is required to derive the Group II compositions.
Trace-element variations between Group I and Group II are generally qualitatively consistent with the fractional crystallization model derived from the major-element abundances, but the increase in Ce/Yb ratio between Groups I and II is not. Because Ce and Yb crystal/liquid partition coefficients are small, fractional crystallization will not induce large changes in the Ce/Yb ratio (Gast, 1968 , Langmuir et al., 1977 . In typical fractionated MORB suites, rare-earth element abundances increase smoothly with fractionation, with little change in the Ce/Yb ratio (Schilling et al., 1976; Humphris et al., Group II samples have been separated slightly for clarity (REE abundances are given in Table 2 ). Note the lower Ce/Yb ratio of Sample B, a Group I sample, than the Group II samples.
1980; Langmuir et al., 1977) . Fractionation of Ce/Yb ratios of the magnitude found in this study have been reported for basalts from the Franco-American Mid Ocean Undersea Study (FAMOUS) area by Langmuir et al. (1977) . Although such fractionation cannot be produced by batch melting, Langmuir et al. (1977) have shown it may be produced by dynamic melting, a process that involves multistage melting of a mantle source with partial retention of the initial melt in the source. The abundance of Ce and Zr predicted by the model is slightly lower than the observed abundances, while the depletion calculated for Ni and Cr is in good agree- Marshall (1975) Note: Group II* is an average of Samples C, E, G, H, and L, the Group II samples with the highest TiO 2 . Results for an average of the entire Group II yields nearly identical results, with higher residuals due to CaO, which is always low in the calculated models. The error of TiO 2 is also larger using the average of the entire group, thus we believe the average of the high TiO 2 samples, which are presumably the most fractionated, is more appropriate for modeling the extent of fractionation. The "primitive" analysis represents the least-fractionated MORB found associated with the ferrobasalts of the Siqueros Fracture Zone (Batiza et al., 1977) . Models were calculated using the least-squares method of Wright and Doherty (1970) .
ment with observed values. The scatter in Rb and Sr data is too large for meaningful numerical evaluation.
Comparison of Hole 581 samples to other MORBs from the Northwest Pacific (Sites 303, 304, and 307) is complicated by the considerable alteration of all samples from the other sites (Table 4) . The least altered sample from Site 303 has nearly 4% total water, the least altered sample from Site 307 has 3%, and both have a highly altered groundmass (Marshall, 1975 (Marshall, 1975) . Average EPR is an average of basaltic glasses from the East Pacific Rise, Average MORB is an average of over 500 MORB glasses (Melson et al. 1976 (Table 4) shows that the average composition of Hole 581 rocks is typical for slightly fractionated MORBs, with a slightly higher than average A1 2 O 3 content. The composition of each of the samples in this study is within the range of EPR basalts (Melson et al. 1976 ). However, the FeOVMgO ratio is slightly lower than samples with the same TiO 2 content from other areas (Fig. 3) .
CONCLUSIONS
The samples from Hole 581 are slightly fractionated MORBs with higher than average A1 2 O 3 contents. The more evolved Group II samples could have been derived from a magma with the average composition of the more primitive Group I samples by the crystallization of 18% plagioclase, 10% augite, and 3% olivine. However, traceelement models require a greater amount of fractionation to produce the observed enrichment of Ce and Zr in Srivastava et al., 1980) . Note the generally lower FeOVMgO ratios for the Hole 581 samples than for other MORBs. The presence of several of the Hole 581 samples on the main trend is believed to be due to alteration, since the samples that are near the main trend are among the most altered of the samples, while the least altered samples all lie well below the main trend. Alteration would be expected to move samples nearly vertically on the plot, since alteration will increase FeO*, decrease MgO, and not significantly change TiO 2 (Marshall, 1975; Humphris et al., 1980) .
Group II samples. The large increase in Ce/Yb ratios between Group I and Group II samples could not have resulted from fractional crystallization, nor could it have been produced by different amounts of partial melting of a homogeneous source. The change in Ce/Yb ratio requires a more complex process such as dynamic melting, if all Hole 581 samples were derived from the same source. The Hole 581 rocks are thus typical slightly fractionated basalts such as are common at fast-spreading ridges and propagating rifts (Melson et al., 1976; Natland, 1980; Christie and Sinton, 1981) .
